One of the major contributions of human capital theory and subsequent empirical work has been to prove the important role of years of schooling as a determinant of wages. However, the exact value of such effect, the private return to schooling, and how it should be estimated remain a source of both theoretical and empirical discussion. Some of the open questions refer to which variables should be included as regressors in the wage equations and by which method they can be consistently estimated. In this paper, we add some empirical evidence for the Spanish labour market. Using the instrumental variable -IVapproach proposed by Hausman and Taylor (1981) -HT-and data from the 1994-1997 Spanish section of the European Community Household Panel (ECHP), we contribute to asses the direction and amount of the bias that affects ordinary least squares (OLS) estimation. The HT procedure allows us to take into account the possible endogeneity of education as well as other determinants of wages, while making it unnecessary to use instrumental variables excluded from the earnings equations. These equations are estimated on two incomplete panels, corresponding to male and female wage earners.
Introduction
In the last decades, a vast body of research has focused on individual educational attainment viewed as the result of human capital investment decisions (Becker 1964; Mincer 1958; Shultz 1961 ). The economic implications of such theories are related to a wide range of topics: Education has been considered as an important factor in determining economic growth (Barro, 1991) , income distribution (Psacharopoulos 1976; Ram 1989 ) and social mobility (Boudon 1974) . The extent to which human capital affects these matters will depend on the behaviour of education investors/consumers, that is, students and their families. More generally, society as a whole will be affected by the optimal resource allocation in the educational system and the labour market. From this point of view, it seems clear that information and analysis on the returns to schooling and their evolution are crucial to social and individual decision makers.
Starting with the seminal work of Mincer (1974) , the empirical approach used to quantify the private return to schooling investments has focused on the estimation of earnings functions, where the education of each individual is included among other variables in order to explain some measure of individual logarithmic wages 1 (overviews can be found in Ashenfelter et al. 1999 and Psacharopoulos 1984 , 1994 . The empirical literature has devoted much discussion to how the rate of return to schooling should be properly estimated. Some of the econometric problems that arise in the field of the earnings functions are those related to sample selection bias (Heckman 1979 (Griliches 1977 ). In the presence of any of these problems, it has been argued that ordinary least squares (OLS) estimates of the effect of education on wages are biased and inconsistent because, except for measurement errors 2 , they would imply a nonzero asymptotic correlation between the residual and the regressors. 1 In Mincer's original equation, the theoretical discussion leads to the sole inclusion of education and a quadratic form of work experience as explanatory variables. Later empirical research usually adds additional information on individual and job characteristics and also different functional forms of the experience-earnings profile (see Murphy and Welch, 1990) . IV estimation, however, has its own difficulties and shortcomings. Instruments must be correlated with the endogenous variables but not with the random error (rank condition), legitimately excluded from the wage equation (exclusion restriction) and be more numerous than the endogenous regressors (order condition). The IV estimator
proposed by Hausman and Taylor (1981) -hereafter HT-, allows to circumvent some of these issues if panel data are available. In particular, the HT estimator exploits the panel nature of the data so that no additional information is needed apart from that included in the wage equation in order to obtain a consistent and efficient estimate of the return to schooling. Instead, sufficient assumptions have to be made about which variables are correlated with the individual-specific residual (the fixed/random effect) and which are not, so that the exogenous regressors provide at least as many instruments as endogenous variables in the model. Besides, this technique could also overcome the problem of sample selection bias if it only operates through the individual effect (Kunze 2000) .
In this paper we use the HT procedure to consistently estimate the private return to education for male and female wage earners in the Spanish labour market. Our data, suitable for this kind of analysis, has been drawn from the first four waves (1994) (1995) (1996) (1997) of the Spanish section of the European Community Household Panel (PHOGUE). Not until recently, panel data on this subject was practically nonexistent, and thus previous research on the Spanish case has been limited to the use of cross section data. This has made it difficult to address the problems discussed above in a general way, constraining empirical research to partial solutions. Consistent results in the presence of sample selection bias can be found in Alba-Ramírez and San Segundo (1995), Lassibille (1998) and San Segundo and Valiente (2003) 3 . On the other hand, both Pons and Gonzalo (2002) and Barceinas et al. (2001) 4 present IV estimates with cross-section data.
With our main objective in mind, the remainder of the paper is organized as follows: next section presents the econometrical framework, third and fourth sections present the data and empirical results, respectively, and the main conclusions are summarized in the last section. Besides, an annex is included with results from alternative specifications referred to in the fourth part of the paper.
Econometric Model
In order to estimate wage equations in their classical form when panel data are available and each cross section unit is observed in several moments of time, some considerations must be made first. These are particular problems that cast doubt on the relevance and accuracy of standard methodologies for static linear (or, as in our case, semi-logarithmic) panel data models. More precisely, we are interested in estimating the following for men and women separately:
where is the logarithm of monthly wages for individual i in year t, where X and Z are (NT x k) and (NT x g) matrices and α and ε are (NT x 1) vectors. As the PHOGUE provides an unbalanced panel, each of the N individuals in the sample is , as well as a dummy for those who were unemployed or out of the labour market the previous year and, finally, the regional unemployment rate.
One of the particular features of this model is the concern that some of the regressors are correlated with the individual effect. Indeed, one of the advantages of panel data is that it allows to avoid the bias that would result when estimating of β and γ in the presence of asymptotic correlation between unobservable heterogeneity, captured in α , and some of the explanatory variables. To present an important example, it has been persistently argued that OLS provides biased estimates due to the correlation between the educational variable and the first error term. This is known as the "ability bias" because α is assumed to include the unobserved ability of each individual, which should be related with the number of years of completed schooling. In a panel data framework, this kind of problem would typically lead to the OLS estimation of [2] after transforming the data in deviations from individual means, that is, using the within-5 For convenience in the notation, we will write throughout the paper the total number of observations in the panel as
Tenure is included as a set of dummy variables, since the PHOGUE only offers censored information, being impossible to know the exact length of the relationship with the employer if it has lasted for more than 15 years.
groups estimator or fixed-effects model. The only assumption that needs to be made, in this case, is that the correlation between any variable and the compound error is through the time-invariant individual (fixed) effect. On the other hand, if it is supposed that no variable is correlated with either ε or α , the parameters can be consistently and efficiently estimated by Feasible Generalized Least Squares (FGLS), in what is also known as the random effects estimator. In this case, the procedure simply takes into account the compound nature of the error term, which causes it to be autocorrelated between the observations corresponding to the same individual.
Taking into account that, as we said, some of the regressors might be endogenous with respect to α , applying the within-groups estimator seems more appropriate. Unfortunately, this implies the elimination of time-invariant variables in Z, thus making it impossible to obtain any estimation of γ . Obviously, this is so because, Hausman and Taylor (1981) develop their IV procedure so that this problem is solved and γ becomes possible to estimate 8 . More precisely, they suggest that the underlying assumption in the within estimator that every explanatory variable is correlated with α may be excessive. They then propose to partition both X and Z into two submatrices, and
, where the subscript 1 corresponds to those variables uncorrelated with α and 2 means that the regressors are endogenous 9 .
There would be, then, 
The above implies that the residuals are autocorrelated if whenever they correspond to the same individual. This makes it necessary to use the following GLS transformation of [1] :
where y i· , x i· and ε i· are individual means should not be a systematic difference between both methods. Being possible to statistically verify the a priori assumptions, the decision on which variables to include in X 1 can be then made on the basis of a trial and error process at the end of which the test does not reject the hypothesis that the instruments are orthogonal to α. This process will be discussed in the results section.
Data
Our data were drawn from the first four waves of the Spanish section of the The statistical description of the variables used in the estimations appears in table 1. First we observe that salary dispersion is higher for women than for men, while, as expected, the greater average earnings correspond to men. In particular, men's average earnings are 27% higher than women's. With respect to human capital variables, education is measured as the minimum years of schooling required to complete the highest level of education actually achieved. The PHOGUE also provides information about the ending age of education. Then, it is possible to create a variable with the years of schooling that each worker actually attended, subtracting six (the age at the beginning of the studies) to that age. However, using this variable as a regressor has two main problems: (1) people leaving the education system and going back after some time would have anomalous values (for example, 5% of workers reports to have finished their education being 30 or more years old), (2) Moreover it seems clear, intuitively, that this measure of education is subject to more measurement errors than the first one because it depends more on individuals' memory. This is why we choose the election of the minimum years of schooling required to complete the highest level of education as an explanatory variable 14 .
12 Employees working less than 15 hours per week are not included because there is no available information on their tenure and type of sector in the PHOGUE. 13 A Person-year observation corresponds to an individual in one year. 14 Given that the instrumental variables estimator is still consistent in the presence of such measurement errors, we present the results using actual years of education in appendix I. Surprisingly, these are very similar to those obtained using the required number of years. (a) This variable is expressed in real terms (log 1992 pesetas) after being deflated using the consumer prices index (INE 1992 (INE -1997 ).
Descriptive analysis reports that women have, on average, 1.5 more years of education than men. This contrasts with the traditional idea existing in Spain about an educational differential favourable to men with respect to women, especially in higher education. This result can also be the consequence of the greater participation in the labour market of more educated women in relationship with low educated ones.
Moreover, sample statistics also report that the incidence of training is greater for females than males, something that can induce to think that training and formal 16 ) in the previous year. Table 1 shows that 16% of the female workers were not working the previous years while this proportion is only 11% for men. This result is consistent with evidence from previous studies (see, for example, Kunze, 2000) and can suggest that career breaks occur more often and last longer for women than for men, placing the former at a disadvantage when they re-enter the labour market.
Concerning personal characteristics, we can first see that the percentage of people with a partner is about 15 percentage points higher for male workers. It's possible that women without partner necessarily have to work to support themselves, whereas married women can specialize in housework or taking care of other family member while, in these households, men take the responsibility of working. Secondly, descriptive statistics don't report significant differences by gender between the health variables, showing that 82% of people has good or very good health 17 .
Considering job characteristics, significant differences are observed between female and male workers. First, the portion of wage earners in the public sector is 33%
for women ad 24% for men. This result is expected and consistent with prior research (Lassibille, 1998) , showing that public sector female workers get higher wages than their private sector counterparts for all educational level, whereas this does not always happen for male employees. Secondly, the percentage of employees working part-time is much higher for women than for men (13% vs. 2%). This result could be explained on the basis that full time job opportunities are less available to women or because other unpaid familiar commitments do not allow them to work full time. Whatever the underlying explanation, it seems that in general, careers are more precarious and intermittent for women than for men.
Finally, unemployment regional rate is around 22% for both sexes. This variable is a weighted average of the unemployment rates in the provinces that form each of the seven wider Spanish regions that appear in the PHOGUE, where the weight is the number of active people in each province.
Results
In this section, we now present the wage earnings models estimated for females and males (see Table 2 ). We think it is interesting to analyse and compare the estimates when different estimation methods are used and the initial hypothesis change. Thus, we present the results obtained after applying the HT, OLS, within-groups and random effects estimators. Moreover, the random effects estimate of ρ 19 reveals that the proportion of the total error variance accounted for by the unobservable individual-specific error term is roughly three fourths. 17 These variables are obtained from a subjective indicator about health. In this indicator, people answer if their health is very good, good, acceptable, bad or very bad. As the two last options only represent 2.5% of all people, these categories are counted as acceptable health. 18 The wage earnings equations estimated in these papers are similar to the classical Mincerian specification of the human capital model. Thus, they only include educational variables, experience ad experience squared as regressors. In this paper we estimate an alternative model structure that includes more explanatory variables. As discussed by Pereira ad Martins (2001), the inclusion of explanatory variables to the Mincerian specification significantly lowers the estimated return to schooling. 19 This coefficient may be thought of as representing the proportion of the observed total variance of the error term accounted for by unobserved heterogeneity: Having positively tested the significance of α implies that the OLS estimator is not efficient, but it would consistent if no regressor were correlated with the error term 20 . In this case, the computed Hausman test, comparing the within-groups and random effects models, strongly rejects the hypothesis that α and the regressors are uncorrelated. Therefore, OLS estimates are neither efficient nor consistent. Besides, under the correlation between α and the regressors, the fixed-effects estimator is consistent while the random-effects one is not. However, as we discussed, the fixed- be lower for high educational levels, something captured in IV estimation if the instruments satisfy certain conditions. Finally, OLS estimates may be subject to a discount rate bias arising from individuals with higher discount rates choosing less education in a model of investment in human capital. 20 In any case, the existence of α implies that OLS standard errors are inconsistent. Therefore, statistical inference about coefficients is invalid.
Another advantage of using HT estimator is that standard errors are somewhat lower than those obtained by means of the within-group estimator, reflecting an improvement in the efficiency of the estimates. Thus, for example, the variable that shows if the individual has a stable relationship is relevant in the HT model, but not significant if fixed-effects are applied.
Concerning other human capital variables we can first see that wages are, as expected, increasing in experience with a decreasing slope, suggesting that wages increase with experience but at a slower rate for older workers. Secondly, investments in job-specific training have a positive effect on earnings for male and female workers.
However, for men this is only when training is financed by the employer, whereas for women the effect is positive if the investment is financed by the worker herself. With respect to the effects of tenure on wages, on one hand, the specific human capital theory (Becker, 1964; Mincer, 1974 ) predicts a positive influence on earnings, because the amount of time spent in the same firm is viewed as evidence of accumulation of job specific skills. On the other hand, job matching theory (Jovanovic, 1979) indicates that is the quality of matching that causes the wage growth. In any case, it has also been argued that more able workers tend to keep their job longer (unobserved heterogeneity bias), and thus if the estimation method does not take this into account, an increasing wage-tenure profile will be observed. Considering this possibility and using a method similar to HT, Altonji and Shakotoko (1987) and Ris (2001) find that the effect of tenure on wages is considerably lower. In our case, the influence of unobserved heterogeneity can be assessed comparing the results from the OLS and HT models.
While in the former a positive relationship is observed between wage and tenure for both men and women, the HT results suggest a weaker effect for men and practically no influence on women's wages.
Finally, table 2 also shows that the individual labour status in the last year has a significant influence on earnings. Indeed, people not working the previous year has lower wages than the rest. This suggest that the market stigmatizes more intermittent workers, who are perceived to be less productive than the rest.
Conclusions
The main objective of this paper has been to estimate for Spain the causal relationship between education and earnings proposed the human capital theory. The chosen econometric method has been the HT estimator (Hausman and Taylor, 1981) , so that it is possible to consider in the estimation of the earnings functions the endogeneity of human capital and the unobserved ability bias.
Our results suggest that the return of an additional year of education is about 15% for male and female workers. This result is higher than those obtained in previous Spanish research using OLS that estimate returns to schooling between 5% and 7% (see, for example, Alba and San Segundo, 1995; Vila and Mora, 1998; Pons and Gonzalo, 2001 ). This result shows, on one hand, the existence of a negative bias in the OLS estimates and, on the other hand, that the return to schooling is still quite high in a context where the educational level has increased (see, for example, Lassibille and Navarro, 1998). The increase of the return once the HT estimator is applied is a common result in the economic literature. For example, Wright (1999) obtains an increase of 10 percentage points using the HT estimator with respect to OLS, with data provided from the British Household Panel. Finally, the use of HT estimator has controlled for and evaluated the influence of unobservable heterogeneity on wages. In particular, the proportion of the total error variance accounted for by unobservable individual heterogeneity represents more than 90% of the variance of the random term.
